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594Myosin I and Actin Dynamics:
The Frogs Weigh In
In this issue of Developmental Cell, Sokac et al. (2006)
describe an intriguing new role for an actin-based
motor protein in restraining actin polymerization
during endocytosis in Xenopus oocytes.
The class I myosins (M1s) are a widespread and con-
served group of monomeric actin-based motor proteins
(Krendel and Mooseker, 2005). They have a strikingly di-
verse range of cellular roles, from ion channel gating to
membrane trafficking. While it was initially envisioned
that they might drive various intracellular organelles
along actin tracks, this does not seem to be the case.
Rather, several M1s have been found to play a role in
controlling membrane-associated actin polymerization
that contributes to vesicle scission and propulsion. A
striking and unexpected example of a link between
a M1 and actin polymerization has now emerged from
studies in the Xenopus oocyte (Sokac et al., 2006).
Fertilization of a Xenopus oocyte is rapidly followed
by the exocytosis of a large number of cortical granules
(CGs) docked near the membrane surface. The expelled
contents of these granules are used to form the fertiliza-
tion envelope that serves as a block to polyspermy. This
massive exocytic event also causes an increase in total
surface membrane that is then reduced via compensa-
tory endocytosis (for review see Sokac and Bement,
2006). This endocytic event relies on the recruitment
of an actin coat around the vesicle membrane and the
subsequent constriction of this coat results in scission
of the nascent endocytic vesicle from the membrane
and vesicle compression. The expression of a gene en-
coding one particular Xenopus myosin, Myo1c, is selec-
tively upregulated during oogenesis and meiotic matu-
ration (an event that readies the egg for fertilization),suggesting a specific role for Myo1c in meiotic matura-
tion or early development (Sokac et al., 2006). GFP-
Myo1c is colocalized with actin to the cortical mem-
brane in oocytes, but following activation it is strikingly
redistributed to exocytic CG membranes. Interestingly,
this recruitment precedes that of actin, suggesting
that Myo1c could serve to nucleate or stimulate actin
polymerization at the membrane of exocytosing CGs.
The M1 tail region possesses sites for lipids and inter-
action with binding partners that most likely direct sub-
cellular localization. Overexpression of the Myo1c tail
region plus the neck region in oocytes results in the dis-
placement of the full-length myosin from the plasma
membrane and causes a block in CG exocytosis (Sokac
et al., 2006). This inhibition of exocytosis corresponds
with slowed closure of the fusion pore that occurs dur-
ing compensatory endocytosis, an actin-dependent
process. Inspection of the stalled large endosomes
(LEs) revealed the presence of an actin coat surround-
ing each, as expected, but a failure of the coats to
compress. Gaps are observed between actin and the
endosome membrane and ‘‘fingers’’ of actin extend
from the plasma membrane into the cytosol. Surpris-
ingly, the excess Myo1c tail also promotes the forma-
tion of overly long cortical microvilli and ectopic actin
comet tails in the cortical region. These changes in ac-
tin behavior are also observed in oocytes with reduced
Myo1c expression caused by the injection of antisense
morpholinos. They are also fully rescued by coexpres-
sion of full-length Myo1c as well as depolymerization
of actin, as might be expected if inappropriate actin po-
lymerization in the cortex presents a barrier to CG or LE
movement. The unexpected conclusion from the accu-
mulated data is that Myo1c is not required to promote
actin polymerization but rather to restrict or inhibit it.
The link between M1 and actin dynamics in the Xeno-
pus oocyte is a new twist on a previously described re-
lationship. The amoeboid-type M1s in lower eukaryotes,
e.g., Dictyostelium myoB and yeast Myo3p or Myo5p,
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595also have roles in linking actin polymerization and
endoctyosis (Jung et al., 2001; Lechler et al., 2000).
These myosins all have a C-terminal SH3 domain not
found in Myo1c that interacts with proteins that serve
to functionally link these myosins to the Arp2/3 com-
plex, a critical regulator of actin polymerization dynam-
ics. The commonly held view is that these M1s are
needed for promoting actin polymerization at the mem-
brane. However, Dictyostelium M1 null mutants make
an excess of actin-based protrusions (Novak et al.,
1995), suggesting that actin polymerization at the mem-
brane is not impaired but rather misdirected. There is
also evidence for M1 controlling actin polymerization
in mammalian cells. Inactivation of Myo1c in growth
cones results in excess lamellipodial extension (Diefen-
bach et al., 2002). Expression of excess Myo1c results in
an increase in exocytosis in insulin-stimulated adipo-
cytes (Bose et al., 2004) that could be the result of not
simply increased translocation through cortex, but
rather increased directed polymerization at the secre-
tory vesicle membrane. Together, these data all indicate
a conserved link between M1s and the spatially precise
control of actin polymerization at the membrane.
A first step toward understanding how Myo1c specif-
ically controls actin polymerization is to determine how
this myosin is recruited to the CG membrane. The early
redistribution of Myo1c from the plasma membrane to
the CG may occur by the unmasking of an as yet un-
known targeting protein on the CG membrane or by
alterations in the local lipid composition. Mammalian
Myo1c harbors a putative PH-domain in the lipid-bind-
ing region of the tail which binds specifically to mem-
branes containing physiological concentrations of PIP2
(Hokanson et al., 2006). PIP2 is present on the CG mem-
brane (Sokac and Bement, 2006) and it is tempting to
speculate that it is generated on the CG membrane im-
mediately following the activation signal and that this
serves as the trigger to recruit Myo1c. It will be interest-
ing to the identity of Myo1c binding partners on the CG
membrane to determine the timing of PIP2 production
relative to Myo1c localization and whether inhibitors of
PIP2 production affect Myo1c recruitment and/or CG
exocytosis.
It is also crucial to understand how Myo1c so effec-
tively constrains actin polymerization in the oocyte.
The myosin motor domain that is indispensable for teth-
ering the actin filaments to the CG membrane could in-
teract with and capture the growing filament. The kinetic
analysis of Myo1c shows that it is a ‘‘short duty’’ motor
that spends most of its ATPase cycle detached from
actin; however, this myosin is capable of interacting
with actin in a strain-dependent manner (Batters et al.,
2004), and under the appropriate conditions Myo1c
could remain tightly bound to actin, perhaps if tensionwere generated during LE compression. This function
would require that the M1 be oriented in such a manner
that it would promote the compression of the LE as the
actin filament extended, perhaps in concert with actin
crosslinking proteins. Alternatively, Myo1c may interact
with the machinery that directs actin polymerization to
the CG membrane, presumably via its tail region. The
identity of these putative regulatory factors remains
a mystery. At a minimum, it seems that Myo1c would
have to do so in a manner that specifically orients the
actin filament to drive compression. Finally, the amount
of these factors that is recruited must be substantial
given that loss of Myo1c results in a significant amount
of promiscuous actin polymerization. Given the large
number of CGs in this region of the cell, this certainly
seems possible.
This new role of frog Myo1c uncovers surprising as-
pects of myosin function and presents a fascinating
challenge—how does this myosin specifically harness
actin polymerization so that it generates a compressive
force? Tackling this problem will require an understand-
ing of not only the molecular interactions between all of
the players, but also a description of their precise orien-
tation at the membrane.
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